In this paper the existence and uniqueness of solutions of the initial boundary value problem for the Euler equations for an incompressible fluid in a bounded domain Ω C R 3 is proved. As boundary conditions the velocity vector and the pressure on boundary parts the fluid enters and leaves the domain through are assumed, respectively. The existence of solutions in Sobolev spaces for domains with dihedral angles ττ/w, n -2,3,..., is shown. In this paper as a mathematical idealization, a leakage problem for an incompressible ideal fluid described by the Euler equations is considered. We consider the domains with the following parts of boundaries: S x -the part through which the fluid enters the domain: S 2 -the part through which fluid leaves; and S o -the part on which the normal component of a velocity vector is zero. We assume S x Π S 2 -0.
In this paper we prove the uniqueness and existence of the leakage problem solutions for a given velocity vector on S { and a pressure on S 2 .
In §2 we introduce some notations about considered domains and some Banach spaces. In §3 the leakage problem for the Euler equations is determined, and a method of successive approximations, which is used to prove the uniqueness and existence of solutions, is formulated. In §4 we obtain some a priori estimates, and at last in §5 we prove the uniqueness and existence of the considered leakage problem solutions. The author is very indebted to Professor J. Heywood for fruitful discussions.
Notations.
In this paper we shall consider the following two kinds of bounded domains Ω C R 3 : (I) nonsimply connected domains with a smooth boundary 3Ω = S { U S 2 ; S x Π S 2 -0; S ι9 i -1,2, are smooth surfaces of class C k 9 k > 1 an integer; (II) simply connected domains with a nonsmooth boundary 3Ω = S o U S λ U S 2 \ S y9 v = 0,1,2, are smooth surfaces of class C k 9 k > 1 an integer; 5, Π S 2 -0 the dihedral angle between tangent spaces T X S O and ΓΛ^V-s t n5Ό,/= 1,2, is equal to Ή/YI, n = 2,3, In a neighbourhood U(q), gE^, we introduce an orthonormal curvilinear system of coordinates, (r^x), τ 2 (x) 9 n{x)), x E U(q). The surface S { Π U(q) is determined by the equation «(;c) = 0. Hence, for n(x) -0, τ l9 τ 2 are coordinates on SΊ (^(x), f 2 (x), π(x)) be the orthonormal basis corresponding to the coordinate system such that for x E S λ > τ x (x) 9 τ 2 (x) are vectors tangent to S λ9 and ή(x) is the outward vector normal to S,.
We shall investigate the problem in Sobolev spaces. We denote the norm of the Sobolev spaces The index Ω will be omitted in notation of all norms. Our aim is to prove the existence and uniqueness of solutions of the problem (3.1)-(3.5). As we do not know any method to solve our problem directly from (3.1)-(3.5), we replace this problem by the equivalent system of problems. At the beginning let us prove the following lemma: where/" = / n, η n -η n, η p = η T,, ^ = 1,2. In the case of nonsimply connected domains, condition (3.10) does not appear.
Proof. Using (3.1) and v «| 5o = 0, we obtain (3.7) and (3.10), respectively [16] . It remains to obtain (3.9) only. Multiplying (3.1) by Jz, projecting the result on 5 1 and using curvilinear coordinates we obtain (3.11) dp μ=2 where η = 2^=,^ + ij n «. In (3.11) the unknown quantity v nn \ Sι appears. To calculate it we apply the operator div to (3.1), and using (3.7) we obtain (3.12) dx k Now we introduce curves determined by the equations
where s is a parameter, 0 < s < ί. We classify these curves into two disjoined sets (a), (b): (a)y(x 9 1; s) E Ω for every s E [0, t) 9 (b) there exists a moment t*(x 9 1) E [0, /) such that y{x, t; t*(x, t)) E5,. Equation (3.12) implies only that divt> = const on curves (3.13). However, according to (3.2) , div v -0 in Ω. (3.2) is satisfied on curves of family (a) because the initial values are such that divι;| r=0 = diva = 0.
Initial values for (3.12) for curves of family (b) are given by boundary values on which (3.2) imposes the following restriction: (3.14) Using the curvilinear coordinate system, (3.14) yields where for nonsimply connected domains (I) the boundary condition on 5 0 does not appear, g(η, f, ή) is determined by (3.9), and (K) (3.18) Proof. The existence of solutions of problem (A m ) for a domain with edges was shown in [19] . For nonsimply connected domains the existence of solutions of this problem is well known. Therefore, the following estimate for these problems is valid:
where C depends on /, r, Ω. (3.23) follows (3.24) . This concludes the proof. 
Proof. At first we have to show that the fluid leaves the domain Ω through S 2 . From the assumptions of the lemma v n \ Si > <z 0 -rt, so for ί < T l9 v n \ Si > 0. To show that problem (B^) is well posed, we introduce the characteristic curves of (3.17) determined by the equations
where Λ is a parameter, 0 < , y < /. We classify these curves into two disjoined sets (a), (b) (see the proof of Lemma 3.1). 
From (3.17) restricted to 5, for s -0 we calculate where C i9 i = 1,...,4, are the same constants as in (4.1). Using the Sobolev imbeddings in (4.3) and using (4.5), we obtain(4.1). This ends the proof.
In estimate (4.1) the norm ||i?,|| 2 ,r appears, so we have to consider problem (A^) and, consequently, problem (B^), also. Therefore, we formulate where constants C 7 , C 8 , C 9 are described in (4.6). From (4.8) and (4.9) we obtain (4.6). This concludes the proof. where a n = -d(0), and then v n n υ n7v can be calculated. From (4.27), using Holder's inequality and the Sobolev imbedding theorems, we conclude the proof. Now we shall estimate the surface integral (4.26) which appears in Lemma 4.3. p -0,... 9 s 9 k + 1 < s 9 respectively. We must underline that v with all its derivatives appears there linearly. Hence, using the fact that W r ι (ίi) 9 r > 3/1 -1, is an algebra, we obtain (4.28), (4.29), so we have proved the lemma. Therefore we have proved (4.39). This concludes the proof.
5. Unique solvability of the initial boundary value problem. In this part we shall prove the existence and uniqueness of solutions of the problem (3.1)-(3.5). At first we shall prove the main result: 
